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SUMMARY

 

A proportion of healthy neonates fail to produce protective levels of anti-HBs antibody following vac-
cination with recombinant hepatitis B vaccine. This study was undertaken to investigate contribution of
Th1 and Th2 responses to anti-HBs antibody production and to explore the mechanism(s) of unrespon-
siveness to HBsAg in human neonates. Peripheral blood manonuclear cells (PBMCs) were isolated
form 28 nonresponder (anti-HBs antibody 

 

<

 

10 IU/l) and 25 responder neonates. The cells were stimu-
lated 

 

in vitro

 

 with recombinant HBsAg and PHA mitogen and concentrations of IL-4, IL-10 and IFN-

 

g

 

 were quantified in culture supernatants by sandwich ELISA. Our results demonstrated significantly
increased production of all cytokines, including IL-4 (

 

P

 

 

 

<

 

 0·001), IL-10 (

 

P

 

 

 

<

 

 0·002) and IFN-

 

g

 

 (

 

P

 

 

 

<

 

 0·01)
in responder compared to nonresponder vaccinees. No significant differences, however, were observed
between the two groups of neonates in the levels of cytokines induced by PHA or secreted in absence
of antigen and mitogen. Our findings suggest that unresponsiveness to recombinant HBsAg in healthy
neonates is linked to inadequate secretion of both Th1 and Th2 cytokines.
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INTRODUCTION

 

Hepatitis B virus (HBV) is an enveloped virus secreting and
expressing three forms of overlapping surface proteins, including
the small, middle and large proteins. These molecules are also
known as s, pres2 and pres1 antigens, respectively. The ‘s’ antigen
(HBsAg) is the predominant form of the surface antigens and
constitutes the immunodominant ‘a’ determinant required for
induction of protective antibody response in human [1].

Vaccination of neonates and healthy adults with recombinant
HBsAg induces a protective immune response in 90–99% of vac-
cinees [2–4]. Administration of supplementary vaccine doses [5,6]
and the use of new generation vaccines containing all three forms
of the surface antigens [7,8] have significantly increased the rate
of seroprotection. A proportion of healthy adult and neonate vac-
cinees, however, fail to produce protective levels of anti-HBs anti-
body, despite implementation of the above strategies.

Lack of response could be attributed to several mechanisms.
Defect in antigen presentation due to expression of certain HLA
antigens and haplotypes has been reported [9,10]. The HLA com-
plex is central to the T-cell dependent antigen response. The

expression profile of HLA antigens could regulate the immune
response through cognate binding of the HLA antigen to the pro-
cessed antigenic peptides or presentation of the HLA/antigenic
peptide complex to T-cell receptors expressed on HBsAg-specific
CD4

 

+

 

 T-cells. The latter event could induce either stimulatory or
inhibitory signals, depending on the expressed haplotype of HLA.
Defective HBsAg-specific T and/or B-cell repertoires have also
been demonstrated [11–13]. This could either be a primary defect
or secondary, successive to destruction of HBsAg- specific B-cells
by cytotoxic T-cells [14]. Immunological tolerance [15,16] as well
as functional defect in T-cell help necessary for production of anti-
HBs antibody by B-cells [11,17,18] may also contribute to unre-
sponsiveness to HBsAg.

Since HBsAg is a T-cell dependent glycoprotein, therefore
defective T-helper (Th) cell function, either Th1 or Th2, could
result in failure of immune response to this antigen.

In this study, Th1 and Th2 responses have been investigated in
healthy responder and nonresponder neonates vaccinated with
recombinant hepatitis B vaccine.

 

MATERIALS AND METHODS

 

Subjects and vaccination scheme

 

Triple 10 microgram doses of a recombinant hepatitis B vaccine
(Heberbiovac, Heberbiotec Co., Cuba) were administered i.m. to
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a large cohort of healthy Iranian neonates at 0, 1·5 and 9 months
intervals. Vaccination was carried out in two cities of Iran
(Kerman and Uromia) following the regulations and guidelines
set up by the National Vaccination Committee of Iran and the
study was approaved by the Ethical Committee of the Underse-
cretary for Research and Technology of the Ministry of Health,
Treatment and Medical Education of Iran. The first dose was
given 24–48 h after delivery in five local maternity hospitals
(Kashani and Davazdah Emam Hospitals in Kerman; Kowsar,
Tamin Ejtemaee and Azarbaijan Hospitals in Uromia), and sub-
sequent doses were administered in selected local health centres.
Two to four weeks after completion of the vaccination course,
peripheral blood was collected and anti-HBs antibody was quan-
tified in serum by sandwich ELISA. A total of 721 neonates were
enrolled into the study. Collectively, 30 nonresponders (anti-
HBs 

 

<

 

10 IU/l) were identified of whom 2 were positive for
HBsAg and excluded from the study. Of the high-responder vac-
cinees (anti-HBs 

 

>

 

10 000 IU/l) (

 

n

 

 

 

=

 

 186 neonates), who were
arbitrarily distributed in 25 groups, each consisting of 7 subjects,
25 subjects were randomly selected from all groups.

 

Measurement of anti-HBs antibody in serum

 

Anti-HBs antibody was detected in serum by a sandwich ELISA
using a commercial kit (Boehring, Marburg, Germany). The con-
centration of the antibody was extrapolated from a standard
curve constructed from know concentrations of a standard sample
provided by the manufacturer.

In vitro

 

 stimulation of PBMCs

 

Peripheral blood mononuclear cells (PBMCs) were separated
from heparinized peripheral blood by Ficoll (Pharmacia,
Uppsala, Sweden) gradient centrifugation. After washing in
RPMI-1640 medium (Gibco Life Techologies Ltd, Paisley, UK),
PBMCs were resuspended in complete culture medium contain-
ing RPMI-1640 supplemented with 10% heat inactivated fetal
calf serum (Seromed, Berlin, Germany) and antibiotics, including
penicillin (100 U/ml) and streptomycin (100 

 

m

 

g/ml). Cells were
then seeded at 1 

 

¥

 

 10

 

6

 

 cells/ml in a 24-well sterile tissue culture
plate (Nalge Nunc International, Roskilde, Denmark) in pres-
ence or absence of 10 

 

m

 

g/ml of purified rHBsAg without vaccine
additives (Heberbiovac, Cuba), or 10 

 

m

 

g/ml of PHA (Sigma-Ald-
rich Corporation, St Louis, MO, USA). Following 72 h incuba-
tion at 37

 

∞

 

C in a humidified CO

 

2

 

 (5%) incubator, culture
supernatants were collected and stored in 

 

-

 

70

 

∞

 

C until use.

 

Quantification of cytokines

 

All cytokines including IL-4, IL-10 and IFN-

 

g

 

 were measured by
sandwich ELISA using commercial kits (Biosource International,
Camarillo, CA, USA). The assay for IL-4 and IL-10 was opti-
mized by titration of the paired capture and detection antibodies
as suggested by the manufacturer to determine the optimum con-
centrations of both antibodies. Accordingly, the capture antibod-
ies were coated in polystyrene ELISA plates (Maxisorp, Nunc) at
1 

 

m

 

g/ml and the biotinylated detection antibody was employed at
0·4 

 

m

 

g/ml for both cytokines.

 

Statistical analysis

 

Levels of cytokine production between the responders and non-
responders and within each group of subjects were compared
using two tailed Mann–Whitney 

 

U

 

-test. In addition, Wilcoxon
Signed Rank Test was applied to compare cytokine levels and

serum antibody levels in nonresponder neonates under different
stimulation conditions. 

 

P

 

-values of less than 0·05 were considered
significant.

 

RESULTS

 

The concentration of anti-HBs antibody in serum of responder
and nonresponder neonates was found to be 16740 

 

±

 

 7555 and
7 

 

±

 

 1·4 (mean 

 

±

 

 SD), respectively (Fig. 1).
The levels of secreted IL-4, IL-10 and IFN-

 

g

 

  following 

 

in
vitro

 

 stimulation with HBsAg and PHA are illustrated in Figs 2
and 3. A significantly increased production of all cytokines was
observed following stimulation of PBMCs from responder
vaccinees with HBsAg, compared to non responders (

 

P

 

 

 

<

 

 0·01–

 

P

 

 

 

<

 

 0·001) (Table 1). Contrary to HBsAg, no significant differ-
ences were found in cytokine profile between the two groups of
vaccinees following stimulation with PHA or in absence of stim-
ulation. Comparison of secreted cytokines within each group of
vaccinees revealed significant differences between the levels of all
cytokines induced by HBsAg and in absence of antigen (control)
only in responder vaccinees (Table 2). However, when the levels
of cytokines induced by PHA and HBsAg were compared, PHA
induced cytokines in both groups similarly, whereas HBsAg
induced significantly higher cytokine levels in responders.

 

DISCUSSION

 

T-helper (Th) cells can be functionally distinguished based on the
profile of cytokine production. Th1 cells induce cell- mediated
immune response by secreting cytokines such as IFN-

 

g

 

, IL-2 and
TGF-

 

b

 

. Secretion of Th2 cytokines such as IL-4, IL-5, IL-6, IL-10
and IL-13 seems to be essential for antibody production [19].
Humoral and cellular immune responses against HBV antigens
are responsible for clearance of the virus and destruction or cure
of infected hepatocytes [20,21].

Vaccination with HBsAg induces protective immunity
through Th cell dependent production of anti-HBs antibody [17].
Several studies have recently been conducted to investigate the
precise role of Th1 and Th2 derived cytokines in the immune
response to hepatitis B vaccination and to get further insights in
to the cellular basis of unresponsiveness to HBsAg. Controversial
results, however, have been reported. Analyses of 

 

in vitro

 

HBsAg-induced cytokine production have revealed defects in:

 

Fig. 1.

 

Distribution of serum levels of anti-HBs antibody in responder and
nonresponder neonates.
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• Th1 cytokines in nonresponder subjects [11,17,18];
• Th2 response in both responder and nonresponder groups

[18];
• Th1 and Th2 cytokines in nonresponders [22,23].

Different patterns of cytokine production have been observed in
T-cell clones isolated from responder subjects, with either pre-
dominant Th0 or Th2 response [24,25], or Th1 and Th2 responses
in high and low responders, respectively [26].

Insufficient production of both types of cytokines in healthy
nonresponder individuals has recently been demonstrated
[22,23]. However, these studies and all other similar studies
reported so far in the literature have been performed on
adult subjects. There is some evidence which suggests that the

mechanisms underlying unresponsiveness to a given T-cell depen-
dent antigen may be different in adults and neonates. The most
important differences are:

• neonatal CD4

 

+

 

 T-cells seem to be phenotypically and function-
ally more immature than adult counterparts [27];

• neonatal responses to T-cell dependent antigens are biased
towards a Th2 phenotype [28];

• dendritic cells (DC) from neonates express very low levels of
MHC class 2 and other costimulatory molecules such as B 7·1,
B 7·2 and CD11c and are defective in presentation of antigen
[29] and IL-12 synthesis [30];

• GM-CSF accelerates maturation of neonatal DC resulting in
prevention of neonatal tolerance [31];

 

Fig. 2.

 

Distribution of cytokines production in presence and absence of HBsAg in responder (R) and nonresponder (NR) neonates.
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Fig. 3.

 

Distribution of cytokines production in presence and absence of PHA in responder (R) and nonresponder (NR) neonates.
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• double positive CD4

 

+ 

 

CD8

 

+

 

 T-cells are severely depleted in
the human neonatal thymus [32];

• the number of T-cells and antigen presenting cells are several
folds higher in adults than neonates [33].

These inherent immune defects in neonates could deviate the
immune response to HBV infection leading to establishment of a
chronic state in 70–90% of infected neonates, as compared to 5–
10% of infected adults [21]. Similarly, the antibody response
to ABsAg may also be different in neonate and adult vaccinees
[34]. The precise cellular and molecular basis of such differences,

however, are not well understood. Different profiles of Th1 and
Th2 responses have been shown to operate in neonate and adult
mice immunized with a T-cell dependent antigen [35]. Our recent
data and those of others obtained in healthy adult HBsAg non-
responder vaccinees indicate suppression of both Th1 and Th2
responses [22,23]. The results presented in this paper suggest
involvement of a similar mechanism in nonresponder neonates, as
evidenced by production of decreased levels of Th1 and Th2
cytokines. This assumption is supported by our recent findings
indicating expression of similar HLA antigens and haplotypes,
particularly DR7 and DQ2, in both adult and neonate nonre-
sponders [9,36]. The number of subjects included in this study,
particularly nonresponder neonates (

 

n

 

 

 

=

 

 28), is significantly
higher than other studies. This minimizes variability of the results
and allows comprehensive and clear-cut statistical comparisons.
Statistical analysis has not been performed in most of previous
studies, due to the small sample size and variability of the results
between the subjects [11,17,18,22].

Despite the statistically significant differences observed for
all the cytokines between the two groups of vaccinees, two
important issues deserve further consideration. First, the level of
cytokines induced by HBsAg in nonresponders, particulary IFN-

 

g

 

, varies between different individuals; in some subjects it
reaches that of the responder group (Fig. 2). This is also
reflected in the statistical significance obtained for the cytokines.
The difference between responders and nonresponders in
HBsAg-specific IFN-

 

g

 

 response was modest (

 

P

 

 

 

<

 

 0·01) compared
to IL-4 (

 

P

 

 

 

<

 

 0·001) or IL-10 (

 

P

 

 

 

<

 

 0·005) (Table 1). The variation
in cytokine levels, however, has not been significantly corre-
lated with the titre of anti-HBs antibody in the nonresponder
neonates (data not presented), suggesting involvement of some
other unidentified immunological parameters in the cytokine
response to HBsAg. The second point which worths mentioning
is the variation observed within the nonresponder group regard-
ing the levels of spontaneously secreted cytokines (control), par-
ticularly IL-10 (Table 2). Again, no significant correlation or
difference was found between the HBsAg-induced and back-
ground cytokine levels in these neonates (data not presented),
implying presence of insignificant difference between different
individuals. The decreased levels of both Th1 (IFN-

 

g

 

) and Th2
(IL-10 and IL-4) cytokines observed in our nonresponder neo-
nates seem to be HBsAg-specific, since PHA-induced cytokine
secretion was similarly represented in both groups of neonates
(Table 1). Spontaneously secreted cytokines in absence of anti-
gen or mitogen were also quantitatively similar, in responder
and nonresponder vaccinees. These findings assure precision of
our results and exclude the possibility of involvement of a gen-
eralized immune dysfunction in the nonresponder subjects or
technical shortcomings with regard to 

 

in vitro

 

 stimulation and
culture condition.

Our novel findings of significantly increased production of all
cytokines in response to HBsAg as compared to control cultures
without stimulation in responder vaccinees, together with signifi-
cantly higher secretion of these cytokines induced by PHA com-
pared to HBsAg in nonresponder, but not responder neonates
(Table 2), may have important implications. First of all these
results suggest that in addition to the serum levels of anti-HBs
antibody, the profile of cytokine secretion could also be used as an
objective criterium and distinctive parameter to identify hepatitis
B vaccine responder and nonresponder individuals. Furthermore,
our data could also be taken to imply dysfunction of APC in

 

Table 1.

 

Levels of cytokines secreted 

 

in vitro

 

 from PBMCs of responder 
and nonresponder neonates following stimulation with HBsAg, PHA or 

without stimulation

Cytokine Stimulator Responders Non-responders

 

P

 

-
value

IL- 4 HBsAg 76·5

 

±

 

35·5 29·8

 

±

 

15·3

 

<

 

0·001
(59·0

 

±

 

7·1) (33·0

 

±

 

2·9)
PHA 88·4

 

±

 

52 82·5

 

±

 

20 ns
(64·0

 

±

 

9·9) (79·0

 

±

 

3·9)
Control 18·7

 

±

 

12·9 21·9

 

±

 

11·9 ns
(17·0

 

±

 

2·7) (21·0

 

±

 

2·1)
IL-10 HBsAg 59·9

 

±

 

59 15·7

 

±

 

32·9

 

<

 

0·005
(40·0

 

±

 

11·37) (6·2

 

±

 

1·5)
PHA 115·7

 

±

 

89·2 122·4

 

±

 

69 ns
(90·0

 

±

 

16·76) (145·0

 

±

 

13)
Control 12·2

 

±

 

28·6 5·2

 

±

 

9·6 ns
(1·7

 

±

 

5·7) (1·7

 

±

 

2)
IFN-

 

g

 

HBsAg 230·0

 

±

 

385 21·6

 

±

 

42·4

 

<

 

0·01
(90·0

 

±

 

77·1) (3·0

 

±

 

8·1)
PHA 825·0

 

±

 

950 981·0

 

±

 

1249 ns
(370·0

 

±

 

190) (310·0

 

±

 

238·3)
Control 4·2

 

±

 

4·6 2·9

 

±

 

3·1 ns
(2·5

 

±

 

0·93) (1·7

 

±

 

0·59)

ns, not significant. The results represent mean

 

±

 

SD (median

 

±

 

SEM)
values (pg/ml).

 

Table 2.

 

Statistical comparisons of cytokines secreted in the presence or 
absence of HBsAg and PHA within each vaccinated group

Vaccinees Cytokine

Comparison groups 

HBsAg

 

versus

 

 Cont
PHA

 

versus

 

 Cont
HBsAg

 

versus

 

 PHA

Responders
IL-4 0·009* 0·002 0·35
IL-10 0·05 0·0025 0·12
IFN-

 

g

 

0·001 0·005 0·09

Non-responders
IL-4 0·22 0·006 0·001
IL-10 0·21 0·005 0·009
IFN-g 0·14 0·0001 0·001

*The figures represent P-values; Cont: control culture in absence of
HBsAg or PHA.
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nonresponders. The latter assumption is supported by our recent
observation in adult vaccinees demonstrating lack of proliferative
response of PBMCs from nonresponders to HBsAg [23].
Although, due to ethical restrictions, the volume of peripheral
blood samples taken from the neonates were not enough to per-
form proliferation assay, we assume that similar to our findings in
adults, diminished Th1 and Th2 responses in neonates could be
taken as an indication of lack of proliferation of these cells, pre-
sumably due to specific APC dysfunction. Our recent findings of
decreased production of IL-12 which is produced by activated
APC, in nonresponder neonates supports our assumption
(unpublished data).

In summary, we have demonstrated that both Th1 and
Th2 responses are defective in human nonresponder neonates
to recombinant HBsAg vaccine. This could be due to defect
in either the HBsAg-specific T-cell repertoire or antigen pre-
sentation. Both issues are currently being investigated in our
laboratory.
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